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Purpose: ORNL – Dixie CRADA
• Epoxy material solutions with anhydride curatives 
• excellent chemical properties 
• physical aging properties
• Printable on a large-scale printer
• Tooling requirement (in autoclave)
• elevated temperature 
• pressure composite manufacturing process
• Short production run 
• Product development
Benefits of latent cure
• New latent cure materials:
• Thermoset epoxy-based composite 
• High Tg (150-220 C)
• Deposit at ambient conditions
• Does NOT solidify on part bed
• Curing/x-linking occurs after part is built
• Excellent Z- direction strength
• Isotropic properties
• 400% more energy efficient printing process
• New design options for users
• Creating custom, printable composite 
material formulations
• Current solidification on part bed 
materials:
• Melt process
• Solidifies on part bed
• Poor z-direction strength
• Non-isotropic properties
• Heating/cooling of part bed
• High energy requirement to deposit




























Target: Prototype Autoclave Tooling Requirements
• Cure cycle 177 C (350 °F) 690 kPa (100 psi)
• Dimensional tolerance ± 0.01 in. (.25mm)
• Vacuum
• 64 RMS surface roughness or better
• Low CTE
• Quasi-isotropic tool response
• Ketone resistant
• Low cost








Bis-A ANH-1D 148 122
Cycloaliphatic ANH-1D 220 192
Cycloaliphatic ANH-2D 236 198
Cycloaliphatic ANH-3D 258 223
Cycloaliphatic ANH-4D 199 184
Initially 4 resins & 4 anhydrides
Materials
• Resin: Celloxide 2021P
• Curative: ANH-3D











Phase 2: Scale-up to large scale
RAM® Print envelope dimensions
X = 4.9 m (16 ft)
Y = 2.4 m (8 ft)
Z = 1.1 m (3.5 ft)
Tasks
• Scale up formulations (optimize viscosity)
• Scale up mixing
• Optimize print parameters
• Optimize curing temperature profile
• Print aerospace tool
• Work with aerospace partner for in-autoclave trials
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E
Printing parameters – generic boat part
Aerospace tool
• Largest latent cure aerospace 
tool 
• 36.3 kg (80 lb)
Characterization result
• Coefficient of thermal expansion (1/K)
• X = 52.44 µm/(m °C)
• Y = 70.03 µm/(m °C)
• Z = 54.90 µm/(m °C)
• Flexure Properties
• Strength = 99.2 ± 6.9 MPa
• Modulus = 3.69 ± 0.29 GPa
• Tg = 220 °C
Future Work
TYPICAL PROPERTIES
Property Value Test Method












Flexural Strength, MPa 99.2 ASTM D790
Flexural modulus, GPa 3.7 ASTM D790
Density, kg/m3 1300 ASTM D 792
Hardness ASTM D2240
Compressive properties ASTM D695
Tensile properties ASTM D695
• Work with aerospace partner
• 10 composite parts 
• Check dimensions
Summary
• Cure cycle 177 C (350 °F) 690 kPa (100 psi)
• Dimensional tolerance ± 0.01 in. (.25mm)
• Vacuum
• 64 RMS surface roughness or better
• Low CTE   
• Quasi-isotropic tool response
• Ketone resistant
• Low cost
• 10 parts minimum
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